This paper reports a study of dark adaptation in the aquatic beetle, Dineutes assimilis commonly called apple bug, coffee bug, or whirligig beetle. It was found (Clark, 1931 (Clark, , 1933 to be an excellent form for study. It reacts well to light, is hardy and easily kept in the laboratory, and can, if necessary, be used in repeated experiments.
DARK ADAPTATIOBI IN DINEUTES
the animals while taking readings, as they are insensitive to the deep red of the spectrum.
Another lamp was mounted to give a horizontal beam, the intensity of which could be controlled by a neutral tint wedge and filters. This was the test light. The experimental procedure was as follows: An insect was placed in the animal compartment and a white unglazed porcelain bowl inverted over the chamber. The adapting light was turned on and the insect was adapted to light passing through the ground glass floor and reflected from the white wails of the bowl. This scattered the light so the intensity was about equal from all directions.
After light adaptation, the adapting light was turned off, the bowl removed, and the animal left in the dark for a known time. Then the minimum intensity to which the insect would react was determined. The red light was turned on to view the animal. The insect usually moved around the walls. If it was moving along the wall away from the test lamp and at right angles to the beam, the test lamp was turned on and the intensity was slowly increased until the insect turned toward the light. If the insect reached the side wall of the compartment and started along it parallel to the beam before it reacted, the turn-table was moved one quarter turn to cause the insect to move across the beam again. At some intensity the insect will turn and move toward the light. The minimum intensity calling forth this reaction is called the threshold or threshold intensity and is given as log I -{-10.
When the threshold was determined the time was noted and the test lamp turned off. The insect was left in the dark for a further timed period and then tested again. Thus the threshold was determined at the end of a number of timed periods in the dark during the course of dark adaptation. This was repeated with each of several insects.
RESULTS
Experiments were performed using light adaptation of 6.5, 91.5, and 6100 foot-candles, and curves of dark adaptation secured for each. The results are presented in Table I . Each determination is a single reading from one individual.
The data for each insect behave in the same regular manner. As the intensity of the adapting light increases, the early threshold values also increase. Though the course of dark adaptation is about the same for each adaptation level, the final thresholds may vary. To avoid averaging, the data of each set of readings from each insect are moved as a whole up or down the log I axis to bring them all to approximately the same threshold. This introduces no change in the curves of dark adaptation but does cause a change in the units in which intensity is measured. The shift is made by multiplying the threshold intensity by a constant a. This constant is probably related to the condition of the nervous system as well as to the transmission of the eye pigments, since it may vary from day to day in the same individual (see insect V, experiments 1 and 2 at light adaptation of 91.6 foot-candles). The value of log a for each set of data is given in Table II .
By plotting the log threshold ~ log a values against time in the dark and by using the appropriate time intervals on the abscissa, all data dosed circles, individual observations after light adaptation to 6100 foot-candles, 91.6 foot-candles, and 6.5 foot-candles respectively. 379
can be described by a single curve (Fig. 2) . This indicates that the course of dark adaptation follows parts of the same curve irrespective of the level of light adaptation. The intensity of the adapting light determines the level at which dark adaptation will begin. It is obvious that it is extremely difficult to secure experimental values for the so called instantaneous threshold, the threshold at zero time in the dark. But they may be readily secured from the curve of Fig. 2 . When the instantaneous log aI is ~lotted against the log of the adapting light, the result is as shown in Fig. 3 . Although the relation seems Unear, it is more likely that the range of intensities covered falls in the central part of a sigmoid curve similar to that found for certain other organisms.
Theory
On analysis the data were found to be described by the equation for human dark adaptation derived by Hecht (1929) on the assumption that the sensitive material is formed from two of its photoprod-ucts, and that the concentration of sensitive material is inversely proportional to the logarithm of the threshold intensity at the moment. The equation is log air X log aI~
where k, may be considered similar to a velocity constant; t is the time in the dark; log It is the log of the threshold intensity at time t; log I, is log of threshold intensity at complete dark adaptation; and a is the constant described above. COmputations of the individual points yielded average values of k, = 1.32, 1.48, and 1.28 for the three series. These values are most probably not significantly different, a conclusion shown by the drawing of a common curve through all data. The average k, for all points was 1.37 and was used in securing the curve of Fig. 1 .
CONCLUSION
Theory apart, it is obvious that (a) all the data fall on one curve and merely represent different starting levels on the same curve of dark adaptation; and (b) the relation between the log instantaneous threshold and log adapting light is linear over the range covered.
SUM-MARY
The level of dark adaptation of the whirligig beetle can be measured in terms of the threshold intensity calling forth a response.
The course of dark adaptation was determined at levels of light adaptation of 6.5, 91.6, and 6100 foot-candles. All data can be fitted by the same curve. This indicates that dark adaptation follows parts of the same course irrespective of the level of light adaptation. The intensity of the adapting light determines the level at which dark adaptation will begin.
The relation between log aIo (instantaneous threshold) and log of adapting light intensity is linear over the range studied.
